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(57) Abstract 

A microprocessor (300) with a date and time clock gathers time interval data (80, 86). The duration of time intervals in an 
electrocardiogram, or pulses are recorded. Stress data accumulated for the user are down loaded to a PC (301). The battery power pack 

(303) supplies electricity to operate the components (80 - 318). The user's stress status is displayed on a liquid crystal diode (302), and the 
voice microprocessor (318) broadcasts from a micro-speaker CPR instructions. If the battery (303) has less than a 20 % charge, a buzzer 

(304) notifies the user. 
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TECHNICAL FIELD 

This invention relates to the detection of normal and 
abnormal heart rate variability and the induction of normal heart 
rate variability. More particularly, the invention relates to 
methods and apparatus for the detection of a user's heart rate 
variability that we believe is indicative of a user's 
sympathetic/parasympathetic stress balance, or distress 
imbal ance . 

The invention also relates to heart monitoring devices used 
by individuals monitored in hospital intensive care units; by 
user's after discharge from a hospital intensive care unit; and 
by users when exercising to let them know that their stress state 
is optimal for conditioning their bodies. 

The invention further relates to control of a pacemaker or 
cardioverter defibrillator with a pacemaker so that when the 
user's heart rate is abnormal and distressful , according to the 
invention, a pacemaker or cardioverter defibrillator with a 
pacemaker induces a heart rate with a pseudo-normal or patient 
recorded variability for each particular user* 

The invention still further relates to a pacemaker that 
induces pseudo-normal or patient recorded heart rate variability. 
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The normal heart rhythm is slightly irregular. Generally, 
normal irregularity of the heart's rhythm reflects the permanent 
adaptation of the human body to the environment. In this context 
the first sign of an impaired heart rhythm is either a persistent 
increase or a persistent decrease in the variability of the 
heart's rhythm. Sometimes the change in the heart's rhythm 
alternates between increases and decreases in the variability of 
the heart's rhythm, and vice versa. Prolonged increases, or 
decreases, and combinations thereof, can lead to cardiac ectopic 
events ranging from non-sustained ventricular tachycardia to 
cardiac arrest. 

It is believed the variability of the heart's rhythm is 
controlled by two branches of the autonomic nervous system; the 
sympathetic branch and the parasympathetic branch. The 
sympathetic branch increases the heart rate. Xts prime function 
is to prepare the body for stress, the so-called "fight or flight 
response". The parasympathetic branch decreases the heart rate 
as when eating or sleeping. 

In the Soviet Union, Rhy thmography , that is the study of 
normal and abnormal variations in heart rhythm, was utilised 
extensively to determine the condition of individuals and their 
stress state. This was particularly true of cosmonauts. It was 
determined for example, that the heart rate variability of a 
conditioned athlete is much greater than that of person with 
coronary disease, that is the histogram of heart rate variation 
of a well conditioned athlete exhibits a broad range of 
variability in the Time Intervals between heart beats and a low 
relative Amplitude of the Mode. That is the highest number of 
Time Intervals recorded in a series of Time Intervals. The 
histogram of a person with a coronary disease exhibits a narrow 

range of variability and a high relative Amplitude of the Mode, 

that is the peak of the histogram. 
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Applicant, Boris Golosarsky, previously received two patents 
in the Soviet Union, namely; SU-1683679 for an apparatus, which 
enables a physician to determine the arithmetic Mean, the Mode, 
the relative Amplitude of the Mode, and the range of variability 
of a subject. In the second patent in the Soviet Union, SU- 
1769894, he disclosed how these measurements may be utilized 
together with electrosleep to treat post myocardial infarction 
e.g. heart attack patients. 

Polar Electro Oy of Finland has a patented apparatus comprised 
of a chest strap with a two lead ECG signal sensor and 
transmitter, which transmits the heart beat Time Intervals to a 
wrist mounted unit that can be conveniently used in this 
invention. See U.S. Patent Nos . 4,625,733, 0278,746, and 
D287 ,403. 

Pulse sensors of various types may also be used to detect 
the Time Interval between heart beats, (Start-of -Systole to 
Start-of -Systole, SOS), is essentially equal to the Time Interval 
between RR peaks in an electrocardiogram, (ECG) • 
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DISCLOSURE OF THE INVENTION 
DEFINITIONS 

Data sources : ECG (RR) Time Intervals or pulse wave Start-of~ 
Systole to Start-of -Systole (SOS) Time Intervals from the 
hardware sources discussed elsewhere. (Note: RR and SOS Time 
Intervals are used interchangeably to indicate the Time Interval 
between heart beats. 60 seconds divided by the Time Interval in 
seconds equals the beats per minute.) 

Time Interval : A Time Interval is the duration of time between 
heart beats, preferably measured to an accuracy of 20 
milliseconds, .02 seconds. The accuracy of the Time Interval 
can range from 15 milliseconds to 30 milliseconds* 

Time Segment : A Time Segment is a series of heart beats can vary 
in length from 51 Time Intervals to 301 Time Intervals. The 
preferred default setting is 101 Time Intervals. 

Mode, TMol : The Mode is the Time Interval occurring most often 
in a Time Segment. For each Mode in a Time Segment there are 
recorded values for UV, AMo , and DX. {See below). 

Cluster Mode : A Cluster Mode is a group of Modes occurring in a 
plurality of adjoining successive Time Segments. For each 
Cluster Mode there are recorded values for UV, AMo , and DX. 
(See below). 

Amplitude of the Mode. TAMol : The Amplitude of the Mode is th© 
largest number of identical Time Intervals occurring in a Time 
Segment divided by the total number of Time Intervals in said 
Time Segment, which is expressed as a percentage. (e.g- 70 for 
70 Time Intervals out of 101 Time Intervals.) 

Delta X, TDXl : Delta X is the difference between the longest 
value for a Time Interval in a Time Segment and the shortest 
value, after outliers, (see below) and Premature Ventricular 
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Contractions, (PVC's) (see below), if any, have been discarded, 
(e.g. longest equals .72 seconds less shortest equals .64 seconds 
= .08 seconds = Delta X.) 

User Value is determined by the formula 



Median TMl : The Median is the Time Interval in a Time Segment, 
in which there are equal number Time Intervals equal to or larger 
than and equal to or smaller than the Median Time Interval (e.g. 
the 51st Time Interval in a 101 Time Interval Time Segment.) 

Time Interval, Recorded : The user's recorded Time Interval is 
the Time Interval between two ECG (RR) peaks, or pulse wave Start 
of Systole to Start of Systole, (SOS) troughs recorded by the 
user . 

Time Interval, Inferred : An inferred Time Interval is an a Time 
Interval that is inferred from recorded or other inferred Time 
Intervals . 

Recorded Baseline UV . AMo , and DX The Recorded Baseline values 
for UV, AMo, & DX are established during the first period 
monitoring the user. Preferably this a 24 hour time period, but 
could be shortened when required, e.g. in an emergency room. The 
Recorded Baseline values should be re-recorded every year. As 
people age their heart rhythm tends to become less variable. 

Recorded and Inferred Baseline UV . AMo , & DX If time does not 
permit recording the first 24 hours of UV, AMo , S DX , then at 
least 35 Time Segments are recorded and the first five Time 
Segments are discarded since they are part of the calibration 
and run-in period. The minimum acceptable recorded values for 
UV, AMO and DX are for three successively occurring Modes, which 
creates one Cluster Mode. 
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Premature Ventricular Con tractions . r PVC ' s 1 ft PVC is a Time 
Interval that is 20% less than the average of the previous eight 
Time Intervals. PVC 1 s are discarded and new Time Intervals added 
until 101 Time Intervals are accumulated in a Time Segment. 

Out 1 iers are the three shortest and the three longest Time 
Intervals in a 101 beat Time Segment, and are discarded before 
calculations are made for UV, AMo and DX. 

Normalised Baseline Values OV, AMo > & Dff * If the user 9 s Recorded 
Baseline Values for UV, AMo, & DX are judged to be abnormal, then 
the variable heart rhythm of an individual most nearly matching 
the user's age, sex, race, build and athletic condition is 
substituted. 

User A user is anyone whose Time Intervals are recorded. 

OK : The user's physical condition is normal and not stressed* 

Caution : The user has a potentially unhealthy stress condition. 

ALARM 1 is present when the user's current values for UV , AMo 
or DX indicate sympathetic, parasympathetic. mixed 
sympathet ic/parasympatheti c over activity, or PVC's, for a 
predetermined number of Time Segments or a predetermined period 
of time. 

ALARM 2 is present when no pulse is detected for ten or more 
seconds and the galvanic skin response sensor indicates the ECG 
electrodes or the pulse sensor is in contact with the user. 

Motion Sensor 

A transducer detects a range of motions from, no motion, to 
slight motion, to moderate motion to heavy motion and over load. 

No motion for a predetermined period of time and a heart or pulse 
rate indicates a Comatose Caution . Slight motion and a heart or 
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pulse rate indicate sleep. Heavy motion indicates exercise and 
over load (spike) followed by no motion, indicates a Call. 

The invention provides for the automatic detection of the 
user's functional and stress states based on the on-line 
recording of the Median, [M], one or more Cluster Modes, [CMo], 
the Amplitude of the Mode, [ AMo ] , and Delta X, [DX], and User 
Value, [UV], recorded over successive Time Segments. 

19 formulas are used to determine the user's stress status 
and possible ALARM, Caution, and normal OK stress condition. 
The multiplier factors and time durations of the 19 formulas are 
programmable by the user's health care provider to suit the 
individual user* 

Catlap Arrest hLMM 

If no Time Intervals are detected for 15 or more seconds 
and the galvanic skin response sensor indicates the ECG 
electrodes or the pulse sensor is in contact with the user, then 
this is a Cardiac Arrest ALARM . 

Comatose Caution 

If Time Intervals are detected but no motion is detected for 
30 or more minutes, then this is a Comatose Caution. 

PVC ALARM 

[1] If a Time Interval differs from the average of the 
previous eight Time Intervals by 20% or more, 20 or more times 
in a single 101 Time Interval Time Segment, for 10 minutes or 
longer, then this is a PVC ALARM . 

AMo Sympathetic ALARM 

[2] If the current value for AMo is greater than the user's 
baseline value for AMo for any Cluster Mode, times a 
predetermined multiplier factor for a predetermined number of 
minutes, then this is an AMo Sympathetic ALARM. 
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AMo Para sympathetic ALARM 

[3] If the current value for AMo is lesser than the user's 
baseline value for AMo for any Cluster Mode, times a 
predetermined multiplier factor for a predetermined number of 
minutes, then this is an AMo Parasympathetic ALARM. 

DX Sympathetic ALARM 

[4] If the current value for DX is lesser than the user's 
baseline value for DX for any Cluster Mode, times a predetermined 
multiplier factor for a predetermined number of minutes, then 
this is an DX Sympathetic ALARM . 

DX Parasympathetic ALARM 

[5] If the current value for DX is greater than the user's 
baseline value for DX for any Cluster Mode, times a predetermined 
multiplier factor for a predetermined number of minutes, then 
this is an DX Parasympathetic ALARM. 

Mixed Sympathetic/Parasympathetic ALARM-Lonq Term 

[6] Any combination of a Sympathetic ALARM, E2], and 
Parasympathetic ALARM, [3], for a predetermined number of minutes 
is a Mixed Sympathetic/Parasympathetic ALARM-Long Term. 

Mixed Sympathetic/Parasvm pathetic ALARM- Short Term 

[7] Any combination of a Sympathetic ALARM, [2][4], and a 
Parasympathetic ALARM, [3][5] in 101 Time Interval Time Segment, 
in two or more times in any continuous grouping of ten Time 
Segments is a Mixed Sympathetic/Parasympathetic ALARM- Short Term. 

UV Sympathetic ALARM 

[8] If the current value for UV is greater than the user's 
baseline value for UV for any Cluster Mode, times a predetermined 
multiplier factor for a predetermined number of minutes, then 
this is a UV Sympathetic ALARM. 

UV Parasympathetic ALARM 

[9] If the current value for UV is lesser than the user's 
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baseline value for UV for any Cluster Mode, times a predetermined 
multiplier factor for a predetermined number of minutes, then 
this is an UV Parasympathetic ALARM . 

UV Mixed Svmpathet i c/Paras vmpathet i c ALARM -Long Term 

[10] Any combination of a UV Sympathetic ALARM, [8], and a 
UV Parasympathetic ALARM, [9], for a predetermined number of 
minutes is a UV Mixed Sympathetic/Parasympathetic ALARM-Long 
Term* 

UV Mixed Svmpatheti c/Parasvmpathe tic ALARM- Short Term 

[11] Any combination of a UV Sympathetic ALARM , [8], and a 
UV Parasympathetic ALARM , [9] in 101 Time Interval Time Segment, 
in two or more times in any continuous grouping of ten Time 
Segments is a UV Mixed Sympathetic/Parasympathetic ALARM-Short 
Term. 

The Cardiac Arrest ALARM , Comatose Caution, and the PVC 
ALARM and the next six formulas for ALARMS and Cautions are 
absolute, and not dependant on the user's baseline values. 

Sympathetic ALARM-Type II 

[12] If DX divided by the Median is equal or less than .125, 
and in two or more times in any continuous grouping of ten Time 
Segments, then this is a Sympathetic ALARM-Type II. 

Parasympathetic ALARM-Type II 

[13] if DX divided by the Median is equal or greater than 
.425, in two or more times in any continuous group of ten Time 
Segments, then this is a Parasympathetic ALARM-Type II. 

Parasympathetic ALARM -Ty pe III 

[14] If DX is equal or greater than .50 in two or more Time 
Segments in any continuous group of ten Time Segments, then this 
is Parasympathetic ALARM-Type III. 

Parasympathetic ALARM-Type IV 
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[15] If AMo is equal or /ess than 10 in two or more Time 
Segments in any continuous grouping of ten Time Segments , then 
this is a Parasympathetic ALARM-Type IV. 

Sympat hetic Caution-Long Term 

[16] If DX equals ,06 or less for one hour or longer, then 
this is a Sympathetic Caution-Long Term. 

Caution- Short Term 

[17] If AMo and DX vary directly with each other in a single 
or adjoining Cluster Modes for one hour or longer, then this is 
a Caution-Short Term* 

If the Median and the Mode differ from each other in a 101 
Time Interval Time Segment by 20% or more, than this a case of 
non-stationarity and the values generated are discarded and not 
included in calculations. 

It is believed that other formulas characterizing the 
histogram might be used after further analysis of the data. 
These could be the width at half maximum of the histogram instead 
of DX , the use of Standard Deviation instead of DX , and the 
Amplitude of the Median instead of AMo in the 17 formulas where 
appl icabl e , 

The user's functional and stress states may be displayed to 
the user or a health care provider in an alphanumeric fashion. 
This enables the user or health care provider to determine the 
user's stress status substantially instantaneously at any time 
or place, and to attain a state of effective cardiovascular 
fitness. 

The inventors believe that the triangle of the histogram 
indicated by formulas [8] and [9], e.g. the sharpness, or 
flatness of the histogram, (is equivalent to the Q of a resonant 
circuit), is a measure for each Cluster Mode that indicates that 
the user is in a normal autonomic balance or homeostasis between 
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sympathetic and parasympathetic control of the user's heart rate 
variability. 

Abnormal deviation of these functions above or below those 
recorded in both healthy and unhealthy subjects indicate abnormal 
stress and thus cardiac distress. 

Detection of abnormal heart rate variability in a series of 
Time Segments can therefore be used to signal a health care 
provider, or pacemaker, or cardioverter defibrillator with a 
pace maker, to intervene according to the invention, or to 
indicate that the heart is being over stressed by the particular 
activity (e.g. physical, psychogenic) being engaged in. 

Also according to the invention, a pacemaker or a 
cardioverter defibrillator with a pacemaker can be programmed 
to provide a normal, therapeutic heart rate variability rather 
than an unnatural steady beat as in the prior art. This may be 
accomplished by, (1) recording the user's normal, variable heart 
rate, or (2) the normal, variable heart rhythm of an individual 
most nearly matching the user's age, sex, race, build and 
athletic condition, or (3) using a random pulse generator that 
produces a normal, variable histographic heart rate, all in 
conjunction with an impedance pacemaker, (a pacemaker that 
detects respiration) and a galvanic skin response detector. 
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OBJECTS OF THg INVENTION 

It is the therefore an object of this invention to provide 
a method and apparatus for determining the user's stress state. 

Another object of the invention is to provide such 
apparatus, which allows the user to exercise in a stress state 
which will bring about a maximum conditioning effect. 

A further object of the invention is to provide such 
apparatus and method that the user will be notified of non- 
optimal or an ALARM or Caution distress state. 

Still another object of the invention is to detect stress 
and distress states from simple parameters derived from the 
recording of a plurality of durations of successive Time 
Intervals between heart beats. 

Yet another object of the invention is to detect cardiac 
distress. 

Still another object of the invention is to detect abnormal 
heart rate variability over a relatively short period of time 
and to signal this abnormality to a health care provider, or a 
pacemaker or a cardioverter defibrillator with a pacemaker, to 
ini t i at e intervention . 

A still further object of the invention is to cause a 
pacemaker or cardioverter defibrillator with a pacemaker, to 
pace a heart with a normal heart rate variability. 

Other objects of the invention will in part be obvious and 
will in part appear hereinafter. 

The invention accordingly comprises a method comprising 
several steps and the relation of one or more of such steps with 
respect to each of the others, and the apparatus embodying 
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features of construction, elements, and arrangements of parts, 
which are adapted to effect such steps, all as exemplified in 
the following detailed disclosure. 



The scope of the invention will be indicated in the claims. 

For a fuller understanding of the nature and objects of the 
invention, reference should be had to the following detailed 
description taken in connection with the drawings forming a part 
thereof. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

For a fuller understanding of the nature and objects of the 
invention reference should be had to the following detailed 
description taken in connection with the accompanying drawings 
in which: 

FIGURE 1 is a diagram showing the electrocardiogram 
recording of a user and the user's pulse waves showing that the 
RR Time Intervals in the electrocardiogram are substantially 
equal to the corresponding Time Intervals between start of 
systole and start of systole; 

FIGURE 2 is a histogram of the numbers of equal Time 
Intervals between heart beats recorded from a normal user; 

FIGURE 3 is an overall block diagram of the apparatus 
according to the invention; 

FIGURE 4 is a diagram showing how FIGURES 4A, 4B, and 4C 
may be placed together to form FIGURE 4, which is a flow chart 
showing the processing of a preselected number of heart beat 
Time Intervals to determine the seventeen ALARM and Caution 
conditions utilised in the invention; 

FIGURE 5 is a detailed block diagram of the apparatus shown 
in FIGURE 3; 

FIGURE 6 is a detailed block diagram of a sports watch 
apparatus according to the invention; 

FIGURE 7 is a block diagram of a multiple patient monitoring 
apparatus according to the invention; 

FIGURE 8 is a detailed view of Screen A of FIGURE 7; 

FIGURE 9 is a detailed view of Screen B of FIGURE 7 
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FIGURE 10 is a detailed view of Screen C of FIGURE 7; 

FIGURE 11 is a block diagram of a pacemaker/ which also may 
be part of a cardioverter defibrillator with a pacemaker 
according to the invention; 

FIGURES 12 through 48 show various displays for FIGURE 5 
and FIGURE 6 according to the invention; 

FIGURE 49 is a diagram showing how FIGURES 49A, 49B, 49C, 
49D and 49E may be placed together to form FIGURE 49, which is 
a flow chart showing the processing of a preselected number of 
heart beat Time Intervals to determine the user's OK Zone, the 
Sympathetic ALARM Zone, the Parasympathetic ALARM Zone, and the 
multiplier factors, which determine an ALARM according to the 
inventi on ; 

FIGURE 49A is a diagram showing the recorded values of the 
user's User Value [UV], Amplitude of the Mode [AMo], and Delta 
X [DX] of the shortest Mode, the next shortest Mode, and the 
third shortest Mode of successively recorded Time Segments of 
101 Time Intervals each, which comprise a Cluster Mode according 
to the invention; 

FIGURE 49B is a diagram similar to FIGURE 49A and includes 
the next three successively longer Modes according to the 
invention ; 

FIGURE 49C is a diagram showing how [UV], [AMo], and [DX] 
for even shorter Modes may be inferred from the measurements 
indicated in FIGURE 49B according to the invention; 

FIGURE 49D is a diagram indicating how the average [UV], 
average [AMo], and average [DX] are calculated for each Cluster 
Mode according to the invention; 

FIGURE 49E is a diagram showing how the OK Zone, Sympathetic 
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ALARM Zone and Parasympathetic ALARM Zone for [UV] , [AMo], and 
[X>X] are established using various multiplier factors according 
to the invention; 

FIGURE 50 is a diagram of heart rate Time Intervals versus 
time for 101 Time Intervals for a normal healthy male age 63; 

FIGURE 51 is a diagram similar to FIGURE 50 for an unhealthy 
male age 51; 

FIGURE 52 is a diagram similar to FIGURE 50 which shows how 
patients are presently paced with a pacemaker using a constant 
heart rate Time Interval; 

FIGURE 53 is a diagram which shows how heart rate 
variability decreases thus narrowing the OK Zone over a human's 
life time; 

FIGURE 54 is a diagram, similar to FIGURE 53, which shows 
how, with variable pacing, the user's OK Zone may be expanded to 
be similar to that of a younger subject according to the 
invention; and 

FIGURE 55 is a record of User Values [UV] of a cardiac 
patient which shows how the [UV] ALARMS indicating an over active 
sympathetic nervous system were activated three times prior to 
sudden cardiac death, and how a change from an over active 
sympathetic nervous system to an over active parasympathetic 
nervous system occurred approximately 10 hours prior to sudden 
cardiac death triggering multiple [UV] ALARMS until sudden 
cardiac death- 

The same reference characters refer to the same elements 
throughout the several views of the drawings. 
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BEST MODE MOP E FOR CARRYING OUT THE INVENTION 

As shown in FIG 1, ©very heart beat is composed of an 
electrical wave pattern called the PQRST wave. The letters 
indicate the important points in the wave pattern, and is 
generated by an electrocardiogram monitor or ECG. The letter 
"R M designates the peak of the PQRST wave. The Time Intervals 
between RR peaks are indicated at 60 to 61, 61 to 62, 62 to 63, 
etcetera, etcetera. 

Also as shown in FIG 1 for pulse detection, the Time 
Intervals between the Start of Systole to the Start of Systole, 
SOS. The Time Intervals between SOS troughs are indicated at 
70 to 71, 71 to 72, 72 to 73, etcetera, etcetera. 

The ECG RR Time Intervals have substantially the same time 
duration as the pulse SOS Time Intervals and occur about a half 
second later than the RR Time Intervals. 

FIG 2 is a typical histogram of a 101 Time Intervals in a 
Time Segment. The outliers, e.g. the three longest and the three 
shortest Time Intervals are deleted. Delta X, [DX], is the 
difference between the longest Time Interval remaining and the 
shortest Time Interval remaining. The Mode, [Mo], is the Time 
Interval occurring most often in a Time Segment. The Amplitude 
of the Mode, [AMo] , is the largest number of identical Time 
Intervals occurring in a Time Segment divided by the total number 
of Time Intervals in said Time Segment. The Median, [M], is the 
Time Interval in a Time Segment, in which there are equal numbers 
of Time Intervals equal to or larger and equal to or smaller than 
the Median Time Interval. As shown in FIG 2 of a normal user, 
the Mode and the Mean are the same. 

In FIG 3, the RR Time Interval data 80 is received from an 
RR Time Interval sensor and the signal is processed 82, and 
transferred 84 to a computer 104. Also SOS Time Interval data 
90 is received from an SOS Time Interval sensor and the signal 
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processed 88, and transferred 90 to a computer 104. Also, data 
from a galvanic skin response sensor 92 is received and the 
signal processed 94, and transferred 96 to a computer 104. Also 
data from a motion sensor 98 is received and the signal processed 
100, and transferred 102 to a computer 104. Also data from a 
respiratory sensor 97 and the signal processed 99, and 
transferred to a computer. 

The results of the computer's analysis is transferred 106 
to a display 108. 

FIG 4 is a diagram of FIGURES 4A , 4B, and 4C. 

In FIG 4A, each of the following 17 formulas is assigned a 
separate memory which stores four hours of ALARM, Caution and 
OK data in the devices diagramed in FIG 5 and FIG 6, and 48 hours 
of data in the device diagramed in FIGURES 7, 8, 9 and 10. 

In FIG 4A, RR Time Interval data 119, or SOS Time Interval 
data 119 is analyzed to determine if Time Interval data is being 
received. Also, galvanic skin response data 111 is analyzed. 
Motion and non-motion data 113 is analyzed and the results 
transferred 117 to memory 212. 

If no Time Intervals are detected 110 and no motion is 
detected 114, and the galvanic skin response sensor data 
indicates the Time Interval sensor is in contact with the user 
112, and this situation occurs for 10 seconds or longer, then 
this is a Cardiac Arrest ALARM 116. 

If no Time Interval data is detected 110 and the galvanic 
skin response sensor 114 records no contact with the user, then 
the Time Interval sensor is disconnected from the user 118. 

If no Time Interval data is detected 110 and the motion 
sensor has not recorded any movement for a predetermined period 
of time 114, then this a Comatose Caution 120. 
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Then 101 Time Intervals are accumulated in a Time Segment 
for further analysis 122. 

Formula [1] processes a 101 Time Intervals in a Time 
Segment. If 20 or more PVC's are detected 124 the data is 
transferred 125 to memory 212. If 20 or more PVC's per Time 
Segment occur for a predetermined period of time then a PVC ALARM 
is detected. If 1 to 19 PVC's are detected, they are discarded 
and the next succeeding Time Intervals equal to the number 
discarded, replace the discarded Time Intervals until 101 Time 
Intervals are accumulated 119. 

In FIG 4B a Time Segment of 101 Time Intervals 122 are 
analyzed by the following formulas: 

If no PVC's are detected, then the three longest and the 
three shortest Time Intervals are deleted as outliers 126. 

Formulas for AMp LULU and DX LilLSJ for each current 
Cluster Mode in which they occur are calculated 128 and compared 
with the user's recorded baseline values for AMo and DX 130. If 
one or more ALARMS are detected the data is transferred 132 to 
the appropriate memory assigned to formulas [2}[3)[4] and [5] 
212. If one or more ALARMS occurs for a predetermined period of 
time, interrupted by single, non-contiguous OK Time Segments, if 
any, then one or more of four ALARMS are detected, e.g. An Ajno 
Sympathetic ALARM [ ? ,J , an AMo Paras ympathetic ALARM T31 . a pj£ 
Sympathetic ALARM f 4 1 . a DX Parasy mpathetic ALARM TS1 . as the 
case may be 130. If an ALARM is detected and if no ALARM is 
detected 134, the 101 Time Intervals in the Time Segment 122 are 
analyzed by the next formula [6] 136. 

If a combination of Sympathetic alarms, r 2 1 and T41 . and 
Parasympa theti c A LARMs , T3l and 1 occur for a predetermined 
period of time, interrupted by single, non-contiguous OK Time 
Segments, if any, then a Mixed Sv mpathetic/Parasvmpathetic alarm- 
Lono Term [61 is detected 138. If an ALARM is detected by 
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formula [6] r the data is transferred 140 to the memory assigned 
to formula [6] 212. If an ALARM is detected and if no ALARM is 
detected 146, the data is transferred 144 to the appropriate 
memory assigned to formula [6], and the 101 Time Intervals in 
the Time Segment 122 are analyzed by the next formula [7] 148. 

If a combination of Sympathetic ALARM s , T2T and T4] . and 
Parasympathetic ALARMS . f3l and F51 occur in a single Time 
Segment, in a predetermined percentage of 10 continuous Time 
Segments, then a Mixed Sympatheti c/ Parasympathetic ALARM- Short 
Term T71 is detected 142. If an ALARM is detected by formula 
[7], the data is transferred 144 to the memory assigned to 
formula [7] 212. If an ALARM is detected and if no ALARM is 
detected 146 the data is transferred 144 to the appropriate 
memory assigned to formula [7], and the 101 Time Intervals in 
the Time Segment 122 are analyzed by the next formula [8] 148. 

The formula for UV Sympathetic f 8 1 for each current Cluster 
Mode in which it occurs is calculated and compared with the 
user's recorded baseline values for UV 150. If an ALARM occurs 
for a predetermined period of time, interrupted by single, non- 
contiguous OK Time Segments, if any, then an ALARM is detected, 
e.g. a UV Sympa thetic Alarm m 148. If an ALARM is detected by 
formula [8], the data is transferred 152 to the memory assigned 
to formula [8] 212. If an ALARM is detected and if no ALARM is 
detected 160, the data is transferred 152 to the appropriate 
memory assigned to formula [8], and the 101 Time Intervals in 
the Time Segment 122 are analyzed by the next formula [9] 148. 

The formula for UV Parasympathetic f 9 1 for each current 
Cluster Mode in which it occurs is calculated and compared with 
the user's recorded baseline values for UV 154. If an ALARM 
occurs for a predetermined period of time, interrupted by single, 
non-contiguous OK Time Segments, if any, then an ALARM is 
detected, e.g. a UV Parasympathetic Alarm T9T 148. If an ALARM 
is detected by formula [9], the data is transferred 156 to the 
memory assigned to formula [9] 212. If an ALARM is detected and 
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if no ALARM is detected 160, the data is transferred 156 to the 
appropriate memory assigned to formula [9], and the 101 Time 
Intervals in the Time Segment 122 are analyzed by the next 
formula [10] 162. 

If a combination of UV Sympathetic ALARMS [ ft f and UV 
Parasympathetic ALARMS f Q 1 occur for a predetermined period of 
time, interrupted by single, non-contiguous OK Time Segments, 
if any, then a Mixed UV Svmpathetic/P arasvmpathetic ALARM-Lonq 
Torm [10] is detected 162. If an ALARM is detected by formula 
[10], the data is transferred 166 to the memory assigned to 
formula [10] 212. If an ALARM is detected and if no ALARM is 
detected 172, the data is transferred 166 to the appropriate 
memory assigned to formula [7], and the 101 Time Intervals in 
the Time Segment 122 are analyzed by the next formula [13] 162. 

I f a c ombi na t i on of UV Sympathetic ALARMS Tel and UV 
Parasympathetic ALARMS f 9 1 . occur in a single Time Segment, in 
a predetermined percentage of 10 continuous Time Segments, then 
a Mixed UV Svmpathetic/Par asvmpathetic ALARM-Short Term Till is 
detected 162. If an ALARM is detected by formula [11], the data 
is transferred 170 to the memory assigned to formula [11] 212. 
If an ALARM is detected and if no ALARM is detected 172, the 
data is transferred 170 to the appropriate memory assigned to 
formula [7], and the 101 Time Intervals in the Time Segment 122 
are analyzed and the Median, [M], is calculated 174. 

The Median, [M], Time Interval of the current Time Segment 
is calculated 174 and the Time Intervals in the Time Segment 122 
are analyzed by the next formula [12] 178. 

If within a Time Segment, DX divided by the Median, [M] , 
174 equals or is less than .125 the data is transferred 180 to 
the memory assigned to formula [12] 212. If within a Time 
Segment, DX divided by the Median equals or is less than .125 
occurs in a predetermined percentage of 10 continuous Time 
Segments, then a Sympathetic Typ e II ALARM f 12 1 178 is detected. 
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Also, if within a Time Segment, DX divided by the Median equals 
or is more than .125 but less than .425 182, and the data is 
transferred 180 to the memory assigned to formula fl2] 212, and 
the Time Intervals in the Time Segment 122 are analyzed by the 
next formula [13] 184. 

If within a Time Segment, DX divided by the Median, [M] 174 
equals or is more than .425 the data is transferred 186 to the 
memory assigned to formula [13] 212. If within a Time Segment, 
DX divided by the Median equals or is more than .425 occurs in 
a predetermined percentage of 10 continuous Time Segments, then 
a Parasympathetic Type II ALARM f!3] 184 is detected. Also, if 
within a Time Segment, DX divided by the Median equals or is 
more than .125 but less than .425 184 the data is transferred 
186 to the memory assigned to formula [13] 212, and the Time 
Intervals in the Time Segment 122 are analyzed by the next 
formula [14] 190. 

If within a single Time Segment, DX equals or is more than 
.50 190 the data is transferred 192 to the memory assigned to 
formula [14] 212. If this occurs in a predetermined percentage 
of 10 continuous Time Segments, then a Paras ympa t he t i c ALARM 
Type III ri4] 190 is detected. Also, if within a Time Segment, 
DX is less than .50, the data is transferred 192 to the memory 
assigned to formula [14] 212, and the Time Intervals in the Time 
Segment 122 are analyzed by the next formula [15] 196. 

If within a single Time Segment, AMo equals or is less than 
10 196, the data is transferred 198 to the memory assigned to 
formula [15] 212. If this occurs in a predetermined percentage 
of 10 continuous Time Segments, then a Parasympathetic Type IV 
ALARM riSl 196 is detected. Also, if within a Time Segment, AMo 
is more than 10 200, the data is transferred 198 to the memory 
assigned to formula [15] 212, and the Time Intervals in the Time 
Segment 122 are analyzed by the next formula [16] 202. 

FIG 4C is the continued analysis of a Time Segment of 101 
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Time Intervals 122 made by the following formulas: 

If DX is equal or less than .06 202, the data is transferred 
204 to the memory assigned to formula [16] 212. If this occurs 
for a percentage of a predetermined period of the time, then a 
Sympathetic Caution-Lon g Term f!6l 202 is detected. Also, if DX 
is more than .06 206, the data is transferred 204 to the memory 
assigned to formula [16] 212 r and the Time Intervals in the Time 
Segment 122 are analyzed by the next formula [17] 208. 

If AMo and DX vary directly with each other 208 # the data 
is transferred 210 to the memory assigned to formula [17] 212. 
If this occurs for a percentage of a predetermined period of 
time, then a Caution-Short Term T17 1 208 is detected. Also, if 
AMo and DX do not vary directly, the data is transferred 210 to 
the memory assigned to formula [17] 212, and the count of new 
Time Intervals in the next succeeding Time Segment commences 
213. 

In FIG 5, A microprocessor with a date and time clock 300 
gathers Time Interval data from a Time Interval sensor 80 or 86, 
and from a motion sensor 98 and a galvanic skin response sensor 
92. ALARM, Caution and OK stress data is stored in the 
microprocessor memory and dated and time stamped by the date and 
time clock 300. The stress data accumulated for the user can be 
down loaded to a PC 301. Also the multiplier factors and time 
durations for the 17 formulas can be programmed and re- 
programmed by the user's health care provider 324. 

The user's stress status is displayed on a liquid crystal diode 
302. If the battery has less than a 20% charge a buzzer notifies 
the user 304. 

The battery power pack 303 supplies electricity to operate 
the components 80 through 306. 

The user's stress status is transmitted by a low power RF 
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transmitter 306 to a receiver 308 inside the cellular telephone 
312. 

If the cellular telephone 312 is recharging in the cellular 
telephone recharge unit 314 and an ALARM is received, then the 
strobe light 316 is activated on the cellular telephone 312, and 
the voice microprocessor broadcasts 318 from the cellular 
telephone earpiece speaker CPR instructions, and the user's front 
door light starts to flash 320, and the front door is unlocked 
by activating an electric door strike 322, and an ALARM message 
is transmitted by the cellular telephone 312, first by attempting 
a landline connection 323 to a health care provider 324, and 
failing a landline connection 325, then on cellular frequencies 
to 313 to a health care provider 324. 

In FIG 6, A microprocessor with a date and time clock 300 
gathers Time Interval data, 80 or 86, from a Time Interval sensor 
80 or 86. ALARM, Caution and OK stress data is stored in the 
microprocessor memory and dated and time stamped by the date and 
time clock 300. The stress data accumulated for the user can be 
down loaded to a PC 302. Also the multiplier factors and time 
durations for the 17 formulas can be programmed and re- 
programmed by the user's health care provider 324. 

The battery power pack 303 supplies electricity to operate 
the components 80 through 318. 

The user's stress status is displayed on a liquid crystal 
diode 302, and the voice microprocessor broadcasts from a micro 
speaker CPR instructions 318. If the battery has less than a 
20% charge a buzzer notifies the user 304. 

FIG 7 illustrates a single channel ECG apparatus for eight 
patient users 400 through 414 in hospital critical care units. 
The RR Time Interval data for each patient user and each signal 
processed 416 and downloaded to a central PC 418, which analyzes 
each user's stress status and displays this information on a 
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monitor, FIG 8, Screen A, FIG 9, Screen B, and FIG 10, Screen C. 

FIG 8, Screen A is the eight patient monitor which displays 
the user patient's name, room and bed number, and the current 
values for each user patient's UV, AMo, and DX , the PVC count, 
and heart rate in Beats Per Minute. In addition, Screen A 
displays each user patient's UV, AMo, and DX ALARM status, the 
setting in minutes of when an ALARM would be triggered and the 
number of minutes an ALARM condition, if any, has persisted. 
In the FIG 8 example, user patient 8, in the current Time Segment 
has experienced a UV of 40.1, an AMo of 80, a DX of .06, 7 PVC's, 
which indicate a Sympathetic UV , AMo, and DX ALARM, and that this 
ALARM condition has persisted for 31 minutes, or one minute 
longer than the 30 minute ALARM set point. 

If a user patient experiences an ALARM , the health care 
provider on duty can display an individual user's recent stress 
record, as illustrated in FIG 9, Screen B . 

In the left hand column are the user patient's name, room 
and bed designation. Below this information. Below this 
information are the ALARM Settings comprised of the baseline 
formulas for UV, AMo, and DX, the multiplier factors used to 
establish the user patient's Sympathetic and Parasympathetic 
ALARM Zones, and the values derived, which trigger an ALARM 
condition. Below this are the ALARM durations, which cause an 
ALARM to be triggered. 

In the central column are displayed the user patient's 
values for UV, AMo, DX, and PVC's together the user patient's 
heart rate in BPM and the ALARM set. 

In the right hand column are the time duration of each of 
the ALARM conditions displayed in the central column. 

The health care provider can view a graphic illustration of 
a user's recent stress record illustrated in FIG 10, Screen C. 
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As shown in PIG 11, if the CPU in a cardioverter 
defibrillator with a pacemaker or a pacemaker detects an ALARM 
condition in the User's Heart, as described in FIG 4A, 4B, and 
4C , then, based on the additional data from the Respiration 
Detector and the Galvanic Skin Detector, the Pace Signal 
Generator will commence pacing the User's Heart for a 
predetermined period of time. 

FIG 12 illustrates a rectilinear digital display format of 
the wrist unit component described in FIG 5 and FIG 6. The top 
line displays the date, the second line the time, the third line 
the user's stress or distress status, the fourth line the type 
of distress based on one or more of the 17 distress formulas 
discussed elsewhere, and the fifth line the user's pulse and the 
symbol for a heart indicating the galvanic skin response sensor 
is gathering pulse data from the user. In the FIG 12 example, 
the user's stress/distress state is OK, 

FIG 13 illustrates an alternative round analog/digital 
standard watch format screen of the wrist unit component 
described in FIG 5 and FIG 6. 

FIG 14 illustrates the stress/distress screen on the round 
analog/digital standard watch format of the wrist unit component 
described in FIG 5 and FIG 6. The left hemisphere of the screen 
is for the display of the type of distress based on one or more 
of the seventeen, [H-[17], distress formulas discussed 
elsewhere. The numbers from O at the 12 o'clock position going 
counterclockwise to -60 at the 6 o'clock position indicate the 
duration of a parasympathetic alarm in minutes. The numbers 
from O at the 12 o'clock position going clockwise to +60 at the 
6 o'clock position indicate the duration of a sympathetic alarm 
in minutes. At the center of the two hemispheres is the symbol 
for a heart indicating the galvanic skin response sensor is 
gathering pulse data. The user's pulse is displayed at the 
bottom of the screen. In FIG 14 the user's stress/distress state 
is OK. 
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FIG 15 illustrates a user's ALARM in the digital format 
based on the first, [1], stress formula, discussed elsewhere, 
and is based on 20 or more premature ventricular contractions, 
PVC's per Time Segment. This information is displayed on the 
fourth line of the digital format screen along with the type of 
activity, which in this example is 20 PVC's per Time Segment, 
and the duration of the over activity, which in this example is 
two out of the ten previous Time Segments. 

FIG 16 illustrates a user's ALARM on the stress/distress 
screen of the round analog/digital standard watch based format 
on the first, [1], stress formula, discussed elsewhere, and is 
based on 20 or more PVC's per Time Segment, This information 
is displayed in the center of the two hemispheres of the 
analog/digital format screen. The type of over activity, which 
in this example is 20 PVC's, and the duration of the over 
activity, which in this example is two out of the previous ten 
Time Segments. 

FIG 17 illustrates a user's ALARM in the digital format 
based on the second, [2] stress formula, discussed elsewhere, 
and is based on an over active sympathetic AMo. This information 
is displayed on the fourth line of the digital format screen 
along with the type of over activity, which in this example is 
sympathetic, and the duration of the over activity, which in this 
example is 31 minutes. 

FIG 18 illustrates a user's ALARM on the stress/distress 
screen of the round analog/digital standard watch based format 
on the second, [2] stress formula, discussed elsewhere, and is 
based on an over active sympathetic AMo. This information is 
displayed in the right hemisphere of the analog/digital format 

0 

screen. The type of over activity, which in this example is 
sympathetic, and the duration of the over activity, which in 
this example is 31 minutes. 

FIG 19 illustrates a user's ALARM in the digital format 
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based on the third, [3] stress formula, discussed elsewhere, and 
is based on an over active parasympathetic AMo. This information 
is displayed on the fourth line of the digital format screen 
along with the type of over activity, which in this example is 
parasympathetic , and the duration of the over activity, which in 
this example is 31 minutes. 

FIG 20 illustrates a user's ALARM on the stress/distress 
screen of the round analog/digital standard watch based format 
on the third, [3] stress formula, discussed elsewhere, and is 
based on an over active parasympathetic AMo. This information 
is displayed in the left hemisphere of the analog/digital format 
screen. The type of over activity, which in this example is 
parasympathetic, and the duration of the over activity, which in 
this example is 31 minutes. 

FIG 21 illustrates a user's ALARM in the digital format 
based on the fourth, [4] stress formula, discussed elsewhere, 
and is based on an over active sympathetic DX. This information 
is displayed on the fourth line of the digital format screen 
along with the type of over activity, which in this example is 
sympathetic, and the duration of the over activity, which in 
this example is 31 minutes. 

FIG 22 illustrates a user's ALARM on the stress/distress 
screen of the round analog/digital standard watch based format 
on the fourth, [4] stress formula, discussed elsewhere, and is 
based on an over active sympathetic DX . This information is 
displayed in the right hemisphere of the analog/digital format 
screen. The type of over activity, which in this example is 
sympathetic, and the duration of the over activity, which in 
this example is 31 minutes. 

FIG 23 illustrates a user's ALARM in the digital format 
based on the fourth, [4] stress formula, discussed elsewhere,, 
and is based on an over active parasympathetic DX . This 
information is displayed on the fourth line of the digital format 
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screen along with the type of over activity, which in this 
example is parasympathetic, and the duration of the over 
activity, which in this example is 31 minutes. 

FIG 24 illustrates a user's ALARM on the stress/distress 
screen of the round ana 1 og/ di gi t a 1 standard watch based format 
on the fourth, [4] stress formula, discussed elsewhere, and is 
based on an over active parasympathetic DX. This information 
is displayed in the left hemisphere of the analog/digital format 
screen. The type of over activity, which in this example is 
parasympathetic, and the duration of the over activity / which in 
this example is 31 minutes. 

FIG 25 illustrates a user's ALARM in the digital format 
based on the sixth, [6], stress formula, discussed elsewhere, 
and is based on an over active sympathetic and parasympathetic 
AMo and DX. This information is displayed on the fourth line 
of the digital format screen along with the type of over 
activity, which in this example is both sympathetic and 
parasympathetic, and the duration of the over activity, which 
in this example is 21 minutes of sympathetic and 10 minutes of 
parasympathetic over activity. 

FIG 26 illustrates a user's ALARM on the stress/distress 
screen of the round analog/digital standard watch based format 
on the sixth, [6], stress formula, discussed elsewhere, and is 
based on an over active sympathetic and parasympathetic AMo and 
DX . This information is displayed in the center of the two 
hemispheres of the analog/digital format screen. The type of 
over activity, which in this example is both sympathetic and 
parasympathetic, and the duration of the over activity, which 
in this example is 21 minutes of sympathetic and 10 minutes of 
parasympathetic over activity. 

FIG 27 illustrates a user's ALARM in the digital format 
based on the seventh, [7], stress formula, discussed elsewhere, 
and is based on an over active sympathetic and parasympathetic 
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AMo and DX within a single Time Segment. This information is 
displayed on the fourth line of the digital format screen along 
with the type of over activity, which in this example is both 
sympathetic and parasympathetic, and the duration of the over 
activity, which in this example is two out of the previous ten 
Time Segments . 

FIG 28 illustrates a user's ALARM of the stress/distress 
screen on the round analog/digital standard watch based format 
on the seventh, [7], stress formula, discussed elsewhere, and 
is based on an over active sympathetic and parasympathetic AMo 
and DX within a single Time Segment. This information is 
displayed in the center of the two hemispheres of the 
analog/digital format screen. The type of over activity, which 
in this example is both sympathetic and parasympathetic, and the 
duration of the over activity, which in this example is two out 
of the previous ten Time Segments, 

FIG 29 illustrates a user's ALARM in the digital format 
based on the eighth, [8] stress formula, discussed elsewhere, 
and is based on an over active sympathetic UV . This information 
is displayed on the fourth line of the digital format screen 
along with the type of over activity, which in this example is 
sympathetic, and the duration of the over activity, which in 
this example is 31 minutes. 

FIG 30 illustrates a user's ALARM on the stress/distress 
screen of the round analog/digital standard watch based format 
on the eighth, [8] stress formula, discussed elsewhere, and is 
based on an over active sympathetic UV . This information is 
displayed in the right hemisphere of the analog/digital format 
screen. The type of over activity, which in this example is 
sympathetic, and the duration of the over activity, which in 
this example is 31 minutes. 

FIG 31 illustrates a user's ALARM in the digital format 
based on the ninth, [9] stress formula, discussed elsewhere, and 
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is based on an over active parasympathetic UV . This information 
is displayed on the fourth line of the digital format screen 
along with the type of over activity, which in this example is 
parasympathetic, and the duration of the over activity, which in 
this example is 31 minutes. 

FIG 32 illustrates a user's ALARM on the stress/distress 
screen of the round analog/digital standard watch based format 
on the ninth, [9 J stress formula, discussed elsewhere, and is 
based on an over active parasympathetic UV. This information 
is displayed in the left hemisphere of the analog/digital format 
screen. The type of over activity, which in this example is 
parasympathetic, and the duration of the over activity, which in 
this example is 31 minutes , 

FIG 33 illustrates a user's ALARM in the digital format 
based on the tenth, [10] , stress formula, discussed elsewhere, 
and is based on an over active sympathetic and parasympathetic 
UV . This information is displayed on the fourth line of the 
digital format screen along with the type of over activity, which 
in this example is both sympathetic and parasympathetic, and the 
duration of the over activity, which in this example is 21 
minutes of sympathetic and 10 minutes of parasympathetic over 
act i vi ty . 

FIG 34 illustrates a user's ALARM on the stress/distress 
screen of the round analog/digital standard watch based format 
on the tenth, [10], stress formula, discussed elsewhere, and is 
based on an over active sympathetic and parasympathetic UV. 
This information is displayed in the center of the two 
hemispheres of the analog/digital format screen. The type of 
over activity, which in this example is both sympathetic and 
parasympathetic, and the duration of the over activity, which 
in this example is 21 minutes of sympathetic and 10 minutes of 
parasympathetic over activity. 

FIG 35 illustrates a user's ALARM in the digital format 
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based on the eleventh, [11], stress formula, discussed elsewhere, 
and is based on an over active sympathetic and parasympathetic 
UV within a single Time Segment. This information is displayed 
on the fourth line of the digital format screen along with the 
type of over activity, which in this example is both sympathetic 
and parasympathetic, and the duration of the over activity, which 
in this example is two out of the previous ten Time Segments, 

FIG 36 illustrates a user's ALARM of the stress/distress 
screen on the round analog/digital standard watch based format 
on the eleventh, [11], stress formula, discussed elsewhere, and 
is based on an over active sympathetic and parasympathetic UV 
within a single Time Segment. This information is displayed in 
the center of the two hemispheres of the analog/digital format 
screen. The type of over activity, which in this example is 
both sympathetic and parasympathetic, and the duration of the 
over activity, which in this example is two out of the previous 
ten Time Segments. 

FIG 37 illustrates a user's ALARM in the digital format 
based on the twelfth [12] stress formula, discussed elsewhere, 
and is based on an over active sympathetic system. This 
information is displayed on the fourth line of the digital format 
screen along with the type of over activity, which in this 
example is sympathetic, and the duration of the over activity, 
which in this example is two out of the previous ten Time 
Segments . 

FIG 38 illustrates a user's ALARM on the stress/distress 
screen of the round analog/digital standard watch based format 
on the twelfth, [12], stress formula, discussed elsewhere, and 
is based on an over active sympathetic system. This information 
is displayed in the right hemisphere of the analog/digital format 
screen. The type of over activity, which in this example is 
sympathetic, and the duration of the over activity, which in this 
example is two out of the previous ten Time Segments. 
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FIG 39 illustrates a user's ALARM in the digital format 
based on the thirteenth [13] stress formula, discussed elsewhere, 
and is based on an over active parasympathetic system. This 
information is displayed on the fourth line of the digital format 
screen along with the type of over activity, which in this 
example is parasympathetic, and the duration of the over 
activity, which in this example is two out of the previous ten 
Time Segments . 

FIG 40 illustrates a user's ALARM on the stress/distress 
screen of the round analog/digital standard watch based format 
on the thirteenth, [13], stress formula, discussed elsewhere, 
and is based on an over active parasympathetic system. This 
information is displayed in the left hemisphere of the 
analog/digital format screen. The type of over activity, which 
in this example is parasympathetic, and the duration of the over 
activity, which in this example is two out of the previous ten 
Time Segments. 

FIG 41 illustrates a user's ALARM in the digital format 
based on the fourteenth, [14], stress formula, discussed 
elsewhere, and is based on an over active parasympathetic system. 
This information is displayed on the fourth line of the digital 
format screen, along with the type of over activity, which in 
this example is parasympathetic, and the duration of the over 
activity, which in this example is two out of the previous ten 
Time Segments. 

FIG 42 illustrates a user's ALARM on the stress/distress 
screen of the round analog/digital standard watch based format 
on the fourteenth, [14], stress formula, discussed elsewhere, 
and is based on an over active parasympathetic system. This 
information is displayed in the left hemisphere of the 
analog/digital format screen. The type of over activity, which 
in this example is parasympathetic, and the duration of the over 
activity, which in this example is two out of the previous ten 
Time Segments. 
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FIG 43 illustrates a user's ALARM in the digital format 
based on the fifteenth, [15], stress formula, discussed 
elsewhere, and is based on an over active sympathetic system. 
This information is displayed on the fourth line of the digital 
format screen along with the type of over activity, which in 
this example is sympathetic, and the duration of the over 
activity, which in this example is two out of the previous ten 
Time Segments. 

FIG 44 illustrates a user's ALAFM on the stress/distress 
screen of the round analog/digital standard watch based format 
on the fifteenth, [15], stress formula, discussed elsewhere, and 
is based on an over active sympathetic system. This information 
is displayed in the left hemisphere of the analog/digital format 
screen. The type of over activity, which in this example is 
sympathetic, and the duration of the over activity, which in 
this example is two out of the previous ten Time Segments. 

FIG 45 illustrates a user's Caution in the digital format 
based on the sixteenth [16] stress formula, discussed elsewhere, 
and is based on an over active sympathetic system. This 
information is displayed on the fourth line of the digital format 
screen along with , the type of over activity, which in this 
example is sympathetic, and the duration of the over activity, 
which in this example is 6C minutes. 

FIG 46 illustrates a user's Caution on the stress/distress 
screen of the round analog/digital standard watch based format 
on the sixteenth, [16], stress formula, discussed elsewhere, and 
is based on an over active sympathetic system. This information 
is displayed in the right hemisphere of the analog/digital format 
screen. The type of over activity, which in this example is 
sympathetic, and the duration of the over activity, which in this 
example is 60 minutes. 

FIG 47 illustrates a user's Caution in the digital format 
based on the seventeenth, [17], stress formula, discussed 
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elsewhere, and is based on the direct ratio of AMo and DX to 
each other. This information is displayed on the fourth line 
of the digital format screen along with the type of activity, 
which in this example is the direct ratio of AMo and DX to each 
other, and the duration of the over activity, which in this 
example is 60 minutes. 

FIG 48 illustrates a user's Caution on the stress/distress 
screen of the round analog/digital standard watch based format 
on the seventeenth, [17], stress formula, discussed elsewhere, 
and is based on the direct ratio of AMo and DX to each other. 
This information is displayed in the center of the two 
hemispheres of the analog/digital format screen. The type of 
activity, which in this example is the direct ratio of AMo and 
DX to each other, and the duration of the activity, which in 
this example is 60 minutes. 

If more than one Caution or ALARM is detected, then each 
such state is displayed in the appropriate location on the watch 
face starting with the condition generated by the first, [1], 
formula and ending with the seventeenth, [17], formula. Each 
such Caution or ALARM is displayed for five seconds. 

FIG 49A represents the minimum number, (3), of daytime Modes 
needed to create a user's recorded Cluster Mode, which begins 
with the shortest recorded Mode, (Mo 1), and progresses to the 
next shortest, (Mo 2) and the next shortest (Mo 3). These Modes 
are .02 seconds longer than the previous Mode. The respective 
recorded user values for UV , AMo, and DX for each Mode are shown. 
An attempt should be made to record two hours of the user f s 
nighttime Modes. This should produce a matrix that looks like 
FIG 49B. 

FIG 49B illustrates two user recorded Cluster Modes and the 
user values for UV , AMo , and DX. For data to be valid in the 
2nd Cluster Mode, it must contain three or more entries. If 
this approach fails, then there is a need to infer the values 
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for UV, AMo, and DX using ratio and proportion. Thus, 
[UV2:UV3: :UV3: :UV4] , and [UV3:UV4: :UV4:UV5] , etc. , etc. Also 
values should be inferred for UV , AMo, and DX for shorter Modes 
so that there is a minimum of three Cluster Modes as shown in 
FIG 49C. 

In FIG 49C The three values for UV , Amo, and DX in each 
Cluster Mode are averaged, which establishes the user's baseline 
UV, AMo , and DX in each Cluster Mode. 

In FIG 49D the ALARM multiplier factors are inserted to 
establish the sympathetic and parasympathetic ALARM Zones, and 
thus the OK Zone between the two ALARM Zones. 

If the Mode of a 101 Time Interval Time Segment falls within 
the 1st Cluster Mode of X to X+.04, then the ALARM levels 
designated for this Cluster Mode are used. If a Mode is sensed 
that is not within one of the three minimum Cluster Modes, then 
the ALARM levels in the Cluster Mode whose values are closest 
to user's current values are used. 

In FIG 50, the patient's heart rhythm is variable. 'This is 
evidenced by DX=.16 and AMo-27, which is characteristic of a 
natural autonomic balance between the sympathetic and the 
parasympathetic nervous system. 

In FIG 51, the patient's heart rhythm is not variable. 
This is evidenced by DX=.04 and AMo=52, which is characteristic 
of an over active sympathetic nervous system. 

In FIG 52 the patient's heart paced by a pacemaker or a 
cardioverter defibrillator with a pacemaker has no heart rhythm 
variability. This is evidenced by DX=0 and AMo=101. which is 
characteristic of an extremely over active sympathetic nervous 
system. 

FIG 53 At birth and through youth, the heart's OK Zone 
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regarding variability is wide. With the onset of middle age and 
into old age the heart's OK Zone regarding variability narrows. 
A deviation in the heart's variability of more than approximately 
+15% indicates an over stressed sympathetic system in the 
Sympathetic ALARM Zone, and a deviation of more than -15% 
indicates an over stress parasympathetic system in the 
Parasympathetic ALARM Zone. 

FIG 54 The inventors suggest a user patient's life can be 
prolonged by first detecting the onset of an arrythmia before 
it occurs and then, (1) pacing the patient with his/her own 
naturally variable heart rhythm or (2) pacing the patient using 
the variable heart rhythm of a healthy individual matched to the 
patient's age, sex and physical condition, or (3) using a random 
number generator programmed to emulate the heart rhythm of a 
healthy individual matched to the patient's age, sex and physical 
condi t i on . 

Just as pacing a patient with bradycardia treats the symptom 
and prolongs life, so the inventors suggest that pacing a user 
patient with a narrow heart rhythm variability with a wider heart 
rhythm variability treats the symptom and will prolong the user 
pat ient ' s life. 

FIG 55 is a chart of Patient E2's ECG Holter monitor tape 
as interpreted by FIG 4A , 4B , and 4C using formulas [8] and [9], 
e.g. User Value. 

From hour CO to hour 02 Patient E2's baseline is established 
for two Cluster Modes. Using a multiplier factor, E2 r s OK Zone 
is established between the Sympathetic ALARM Zone at 10.1, and 
the Parasympathetic ALARM Zone at 6.6. Thus, E2's UV OK Zone is 
between 10.1 and 6.6. 

Starting in Hour 03 through Hour 08, Patient E2 experienced 
three episodes of approximately 30 miniutes each of an over 
active Sympathetic system, which triggered three UV Sympathetic 
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ALftRMs r 8 1 > Halfway through Hour 08, Patient E2 f s autonomic 
nervous system suddenly changed from an over active Sympathetic 
response to an over active Parasympathetic response triggering 
a fourth ALARM, a Mixed UV Sympatheti c/Paras vmpat heti c ALARM- 
Short Term Till . From halfway through Hour 08 to halfway through 
Hour 18, when Patient E2 expired due to Sudden Cardiac Death, 
Patient E2 f s autonomic nervous system experienced an almost 
continuous over active parasympathetic response triggering 
multiple UV Parasympathetic ALARMS 

Halfway though Hour 08, Patient E2 r s OK zone between UV 10.1 
and 6.6 changed to between UV 10.9 and 7.0, because E2*s heart 
rate changed from approximately 77 beats per minute to 
approximately 71 beats per minute, thus changing the Cluster 
Mode, which determined the UV Sympathetic and Parasympathetic 
ALARM Zones. 
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PACEMAKER 
ME 

CARDIOVERTER DEFIBRILLATOR WITtf A PACEMAKER 

As previously mentioned, if the CPU in a cardioverter 
defibrillator wit'h a pacemaker or a pacemaker detects an ALARM 
condition in the User's Heart, as described with reference to FIG 
4A, 4B, and 4C, then, as described with reference to FIG 11 and 
based on the additional data from the Respiration Detector and 
the Galvanic Skin Detector, the Pace Signal Generator will 
commence pacing the User's Heart for a predetermined period of 
time . 



There at least two types of pacemakers today that pace a user's 
heart based on the user's respiration, which are incorporated in 
a cardioverter defibrillator or a stand alone pacemaker. These 
are (1) transthoracic, or (2) impedance. A transthoracic 
pacemaker measures the expansion and contraction of the user's 
chest while inhaling and exhaling. An impedance pacemaker 
measures the electrical resistance in the air of the user's lungs 
while inhaling and exhaling. When the user inhales, the heart 
rate increases, and when the user exhales, the heart rate 
decreases . 



Hereafter, the term pacemaker refers both to a stand alone 
pacemaker and a cardioverter defibrillator with a pacemaker, 
unless otherwise noted. 



Therefor in order to program a cardioverter defibrillator 
with a pacemaker or a pacemaker, the patient user's Holter 
monitor records ECG RR together with respiratory and galvanic 
skin response baseline data as follows: 



• Daytime at rest for at least two hours 
» Nighttime at rest for at least two hours 
o Daytime exercise for at least 30 minutes 
sustained exercise 
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Then the Holter monitor ECG recordings should be edited 
deleting low variability episodes. 

Then the ECG RR , the respiratory, and the galvanic skin 
response baseline data are stored in the pacemaker. 

The stress formulas [1] through [17] are stored in the 
memory of the pacemaker. 

When the pacemaker detects an ALARM, as defined in formulas 
[1] through [17] , then the pacemaker will pace the user's heart 
using the user's appropriate variable heart rhythm data that 
occurred at the same time as the user's current respiratory state 
previously recorded, and f if possible the user's galvanic skin 
response state, all as described above for a period of 10 
minutes . 

Then if the user's heart rhythm still generates ALARMS after 
10 minutes of non-pacing, the pacemaker will again pace the 
user's heart for 100 minutes, again matching the user's heart 
rate variability with the user's respiratory state, and, if 
possible, the user's galvanic skin response state. 

Then if a natural, variable sinus rhythm does not resume 
after 100 minutes of non pacing, then the pacemaker paces the 
heart for 1,000 minutes and so on in increasing powers of 10, 
or as programmed by the user's cardiologist. 

If a cardioverter defibrillator with a pacemaker detects 
tachycardia, then the cardioverter defibrillator with a pacemaker 
will respond with a single extrast irnul us burst, a double 
extrastimuli burst, or multiple extrastimuli bursts, as 
programmed . 

Periodically, the user's recorded values for UV , AMo, and 
DX are down loaded to a PC from the user's pacemaker by telemetry 
for analysis of sympathetic and parasympathetic trends. All 
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ALARM episodes, if any, as well a single extrastimulus burst, a 
double extrastimuli burst, or multiple extrastimuli bursts , in 
a cardioverter defibrillator with a pacemaker, if any, are date 
and time stamped. 

If a Holter tape of the user's normal, variable heart rate 
is not available, then preferably the user is paced with a 
recording from a subject matched by age, race, sex, and physical 
condition, and also matched to the user's respiratory rates, 
and, if possible, to the user's galvanic skin response. 

However, the user may be paced at a generated, 
histographical 1 y normal variable rate, matched to the user's 
respiratory rates, and the generated heart rate varied by the 
transthoracic or impedance pacemaker matching the user's 
respiratory rate simulating the wide saw tooth variability 
patterns of Time Intervals occurring naturally with reference 
to FIG 50, and, if possible, to the user's galvanic skin 
response. 

It will thus be seen that the objects set forth above, among 
those made apparent from the preceding descriptions: are 
efficiently attained and, since certain changes may be made in 
carrying out the above method in the apparatus set forth, without 
departing from the scope of the invention, it is intended that 
all matter contained in the above description or shown in the 
accompanying drawings and charts shall be interpreted as 
illustrative and not limiting in sense. 

Having described our invention, what we claim as new and 
desire to secure by Letters Patent is: 
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CLAIMS 

1. The method of detecting abnormal heart rate variability 
comprising: 

A) first recording a first subject's instantaneous 
heart rate or RR intervals over substantially no 
less than 50 to substantially no more than 300 
heart beat segments occurring with normal heart 
rate variability; 

B) characterizing the sharpness of histograms of said 
segments comprising the numbers of each of the 
heart rate or RR intervals recorded versus each 
particular heart rate or RR interval as a function 
of the Mode of each of said segments; 

C) second recording a second subject's heart rate or 
RR intervals over substantially no less than 50 to 
substantially no more than 300 heart beat seg- 
ments; 

D) characterizing the sharpness of the histograms of 
said second subject's heart rate or RR interval 
variations as a function of the Mode of each of 
said segments; and 

E) indicating when the sharpness of the histograms of 
said second subject deviates from predetermined 
limits derived from the histograms of said first 
subject. 

2. The method defined in claim 1 wherein said sharpness is 
characterized by the Amplitude of the Mode (AMo) occurring in 
said segments. 

3. The method defined in claim 2 wherein said sharpness is 
also characterized by a number proportional to the ratio of the 
Amplitude of the mode <AMo) expressed as a percentage to the 
difference between substantially the largest and substantially 
the smallest instantaneous heart rate or RR interval in a segment 
<DX) . 
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4. The method defined in claim 1 wherein said sharpness is 
characterized by a number proportional to the ratio of the Ampli- 
tude of the mode (AMo) to the difference between substantially 
the largest and substantially the smallest instantaneous heart 
rate or RR interval in a segment (DX) . 

5. The method defined in claim 3 wherein said number (UV) 
is defined as follows: 



UV =Y (0.5/DX)* + UMo/10)* 

6. The method defined in claim 5 wherein said sharpness is 
characterized by a number proportional to the ratio of the Ampli- 
tude of the mode (AMo) expressed as a percentage to the differ- 
ence between substantially the largest and substantially the 
smallest instantaneous heart rate or RR interval in a segment 
(DX) . 

7. The method defined in claim 1 wherein said first re** 
cording is made when said first subject is in normal autonomic 
balance . 

8. The method defined in claim 7 wherein said first and 
second recordings are made when said first and second subjects 
are performing a function chosen from the group consisting of 
sleep, awake resting, awake exercising, and awake recovering from 
exercising . 

9. The method defined in claim 1 and further: 

F) applying pacemaker stimulus to the heart of said 
second subject upon the occurrence of said indica- 
tion. 

10 • The method defined in claim 1 and further: 

F) applying electrocardioverting def ibrillating stim- 
ulus to the heart of said second subject upon the 
occurrence of said indication. 
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11. The method of operating a heart rate pacemaker regu- 
lating a patient subject's heart comprising varying the rate of 
said pacemaker to correspond to the random heart rate variability 
of the patient subject at a desired heart rate mode. 



12. The method defined in claim 11 wherein said method com- 
prises the steps of: 

A) recording a heart rate for a predetermined in~ 
terval when said rate is occurring normally; and 

B) using said recording to generate pacemaker signals 
applied to the patient subject to pace the patient 
subject's heart rate in accordance with said re- 
cording • 

13. The method defined in claim 12 wherein said recording 
is of the patient subject's own heart rate. 

14. The method defined in claim 12 wherein said recording 
is of a normal subject matched to the patient subject's own nor- 
mal autonomic balance. 



15. The method of claim 11 wherein said recording is of 
substantially at least fifty heart beats. 

16. The method of claim 11 wherein said recording is of 
substantially at least 100 heart beats. 

17. The method of claim 11 wherein said recording is of 
substantially no more than 1,000 heart beats. 

18. The method of claim 11 wherein said recording is of 
substantially no more than 300 heart beats. 

19. The method defined in claim 11 comprising applying a 
series of pacemaker signals to the patient subject to provide a 
histographic profile of instantaneous heart rate or RR interval 
occurrences corresponding to said normal random heart rate vari- 
ability of said patient subject. 
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20. The method defined in claim 19 wherein said histo- 
graphic profile varies with the required heart rate mode* 

21- The method defined in claim 11 wherein said normal ran- 
dom heart rate variability varies in character at differing heart 
rate modes* 

22 « The method defined in claim 12 wherein several said 
recordings are made corresponding to differing heart rate modes 
and each is used when the corresponding heart rate mode is de- 
sired C 

23. Apparatus adapted to perform the method defined in 
claim 1. 

24. Apparatus as defined in claim 23 further defined as 
comprising : 

A) a module adapted to be strapped to the wrist com- 
prising, 

a) a passive instantaneous heart rate or RR 
interval detector , and 

b) radio means for conveying said indication to 
a telephonic communications device. 

25. Apparatus as defined in claim 24 wherein said tele- 
phonic communications device is a cellular telephone. 

26. Apparatus as defined in claim 25 wherein said passive 
instantaneous heart rate or RR interval detector detects the 
pulse . 

27. Apparatus as defined in claim 24 wherein said module 
further comprises: 

c) a motion detector, and 

d) means responsive to said motion detector to 
distinguish between the states of wakeful- 
ness, sleep, and coma. 
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28 , The method defined in claim 1 wherein said sharpness is 
characterized by the Amplitude of the Mean (AM) occurring in said 
segments, 

29. The method defined in claim 28 wherein said sharpness 
is also characterized by a number proportional to the ratio of 
the Amplitude of the Mean (AM) expressed as a percentage to the 
difference between substantially the largest and substantially 
the smallest instantaneous heart rate or RR interval in a segment 
<DX> , 

30- The method defined in claim 1 wherein said sharpness is 
characterized by a number proportional to the ratio of the Ampli- 
tude of the Mean (AM) to the difference between substantially the 
largest and substantially the smallest instantaneous heart rate 
or RR interval in a segment (DX) • 

31. The method defined in claim 3 wherein said number (UV) 
is defined as follows s 



32. The method defined in claim 5 wherein said sharpness is 
characterized by a number proportional to the ratio of the Ampli- 
tude of the Mean (AM) expressed as a percentage to the difference 
between substantially the largest and substantially the smallest 
instantaneous heart rate or RR interval in a segment (DX) . 

33. The method defined in claim 11 wherein said recording 
is of a normal subject matched to the patient subject's own nor- 
mal autonomic balance at a substantially earlier age. 

34. The method defined in claim 11 and measuring the pa- 
tient subject's breathing state and further varying the rate of 
said pacemaker to correspond to the variability of the patient 
subject's heart rate when in said breathing state. 
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35. The method defined in claim 34 and measuring one or 
more other of the patient subject's stress state indicators and 
further varying the state of said pacemaker to correspond to the 
variability of the patient subject's heart rate when said mea- 
sured stress state* 

36. The method defined in claim 11 wherein said varying 
rate is a random distribution producing a normal histogram ♦ 

37. The method of detecting abnormal heart rate variability 
comprising: 

A) first recording a subject's heart beat intervals 
or instantaneous heart rates over substantially no 
less than 50 to substantially no more than 300 
heart beat intervals? 

B) characterizing the histogram of said recorded 
intervals or rates comprising the number of oc- 
currences of each of the intervals or rates re- 
corded versus each particular interval; 

C) indicating when a characteristic of said histogram 
exceeds predetermined limits, wherein said char- 
acteristic may be any one of UV, AMo or its equiv- 
alent, DX divided by M, or AMo or its equivalent, 
as a function of DX or its equivalent. 

38. The method defined in claim 37 wherein at least one of 
said limits is time dependent. 

39. The method defined in claim 38 wherein at least one of 
said limits must be exceeded by three or more successive rec- 
ordings of substantially no less than 50 to substantially no more 
than 300 heart beats. 

40. The method defined in claim 39 wherein said indicating 
step occurs when an AMo limit is exceeded. 
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41. The method defined in claim 39 wherein said indicating 
step occurs when a (DX) limit is exceeded. 

42. The method defined in claim 39 wherein said indicating 
step occurs when a (UV) limit is exceeded. 

43. Apparatus for performing the method defined in claim 

11. 



27. 



37. 



44. Apparatus for performing the method defined in claim 



45. Apparatus for performing the method defined in claim 



46. The method defined in claim 1 wherein said sharpness is 
characterized by a number proportional to the ratio of the Ampli- 
tude of the mode (AMo) expressed as a percentage to the differ- 
ence between substantially the largest and substantially the 
smallest instantaneous heart rate or RR interval in a segment 
(DX) to full width at half maximum of said histogram. 

47. The method defined in claim 4 wherein said sharpness is 
characterized by a number proportional to the ratio of the Ampli- 
tude of the mode (AMo) expressed as a percentage to the differ- 
ence between substantially the largest and substantially the 
smallest instantaneous heart rate or RR interval in a segment 
(DX) to full width at half maximum of said histogram. 

48. The method defined in claim 6 wherein said sharpness is 
characterized by a number proportional to the ratio of the Ampli- 
tude of the mode (AMo) expressed as a percentage to the differ- 
ence between substantially the largest and substantially the 
smallest instantaneous heart rate or RR interval in a segment 
(DX) to full width at half maximum of said histogram. 
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49. The method defined in claim 1 wherein said sharpness is 
characterized by a number proportional to the ratio of the Ampli- 
tude of the mode (AMo) expressed as a percentage to the differ- 
ence between substantially the largest and substantially the 
smallest instantaneous heart rate or RR interval in a segment 
(DX) to the standard deviation of said histogram. 

50. The method defined in claim 4 wherein said sharpness is 
characterized by a number proportional to the ratio of the Ampli- 
tude of the mode (AMo) expressed as a percentage to the differ- 
ence between substantially the largest and substantially the 
smallest instantaneous heart rate or RR interval in a segment 
(DX) to the standard deviation of said histogram. 

51. The method defined in claim 6 wherein said sharpness is 
characterized by a number proportional to the ratio of the Ampli- 
tude of the mode (AMo) expressed as a percentage to the differ- 
ence between substantially the largest and substantially the 
smallest instantaneous heart rate or RR interval in a segment 
(DX) to the standard deviation of said histogram. 

52. Apparatus for performing the method defined in claim 37 
further comprising a module strapped to the user's wrist com- 
prising, 

a) a passive SOS Time Interval sensor, and 

b) radio means for conveying said recorded time in- 
tervals and said characteristics to a telephonic 
communications device . 

53. Apparatus as defined in claim 52 wherein said tele- 
phonic communications device is a cellular telephone comprising, 

a) a strobe light, and 

b) a voice microprocessor with CPR instructions, and 

c) the capability of flashing the user's front door 
light, and 

d) the capability of unlocking the user's front door* 
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54. Apparatus as defined in claim 52 wherein said passive 
SOS sensor detects the Time Intervals of the pulse. 

55. Apparatus as defined in claim 52 wherein said module 
further comprises: 

a) a motion sensor , and 

b) the means responsive to said motion sensor to 
distinguish between the states of coma, sleep, 
wakefulness, and physical activity, and 

c) a galvanic skin sensor, and 

d) the means responsive to said galvanic skin sensor 
to distinguish between the states of the connec- 
tivity, or lack of connectivity of the wrist mod- 
ule to the user's wrist. 

56. The method of indicating cardiac distress comprising 
recording a user's baseline value of (AMo) and generating an 
alarm when the user's current value of (AMo) differs from said 
baseline value by a predetermined substantial amount for ap- 
proximately 30 minutes with no periods of approximately 200 heart 
beats where (AMo) does not so differ * 

57. The method defined in claim 56 wherein an (AMo) sympa- 
thetic alarm is generated when said current value is greater than 
said baseline value. 

58. The method defined in claim 56 wherein an (AMo) para- 
sympathetic alarm is generated when said current value is less 
than said baseline value. 

59. The method of indicating cardiac distress comprising 
recording a user's baseline value of (DX) and generating an alarm 
when the user's current value of (DX) differs from said baseline 
value by a predetermined substantial amount for approximately 30 
minutes with no periods of approximately 200 heart beats where 
(DX) does not so differ. 
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60. The method defined in claim 59 wherein a (DX) sympa- 
thetic alarm is generated when said current value is less than 
said baseline value. 

61. The method defined in claim 59 wherein a (DX) parasym- 
pathetic alarm is generated when said current value is greater 
than said baseline value. 

62. The method defined in claim 56 performs simultaneously 
with the method defined in claim 59. 

63. The method defined in claim 62 and generating a mixed 
sympathetic parasympathetic alarm long term when one of said 
alarm signals alternates with the other and this occurs for ap- 
proximately 30 minutes with no periods of approximately 200 heart 
beats where no alarm signal occurs, 

64. The method defined in claim 63 and generating a mixed 
sympathetic parasympathetic alarm short term when one of said 
alarm signals alternates with the other and this occurs for ap- 
proximately 200 heart beats during a period of 2,000 heart beats. 

65. The method defined in claim 5 and generating a mixed 
sympathetic parasympathetic alarm long term when the current 
value of (UV) differs from baseline by a predetermined substan- 
tial amount for approximately 30 minutes with no periods of ap- 
proximately 200 heart beats where {UV) does not so differ. 

66 • The method defined in claim 5 and generating a mixed 
sympathetic parasympathetic alarm long term when the current 
value of (UV) differs from baseline by a predetermined substan- 
tial amount for approximately 200 heart beats during a period of 
approximately 2,000 heart beats. 

67. The method defined in claim 37 wherein said charac- 
teristic is (DX) divided by M. 
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68. The method defined in claim 6 7 and generating a sympa- 
thetic alarm is said characteristic differs from baseline by a 
predetermined substantial amount in any two intervals within any 
ten contiguous intervals. 

69. The method defined in claim 68 wherein said amount is 
approximately 0.125 times baseline. 

70. The method defined in claim 68 wherein said amount is 
approximately 0*425 times baseline. 

71. The method defined in claim 37 and generating a para- 
sympathetic alarm signal if the user's <DX> is equal to or 
greater than approximately 0.50 in any two intervals within any 
ten contiguous intervals. 

72. The method defined in claim 37 and generating a para- 
sympathetic alarm signal if the user's (AMo) is equal to or less 
than approximately ten in any two intervals within any ten con- 
tiguous intervals . 

73. The method defined in claim 3 7 and generating a sympa- 
thetic caution- long term alarm signal if (DX> equals approxi- 
mately 0.06 or less for approximately one hour or longer. 

74. The method of claim 37 and generating a caution-short 
term alarm signal if (AMo) and (DX) vary directly with each other 
for approximately one hour. 
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) 
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warn*. *-Fiz-m<Dmmmmx*s&mLtzm*&<Dm$mmv&z>o >^mm 

tHSIA^'JX • zfn+J-;ux^— (Boris Golosarsky) I* Vlt 2 #(7mi*£3X^# 
Lt^-So -r^Jb*>. SU-1 68367 9ltmmtfm%0)WLffi¥-i%. =e— h\ 

|2W4^SU-1 7 69 8 94flt Cft»ba>»l£fii£m»8IIR£fl3L* 

7 4>=7> KcDtK^— ;U ■ xu^ hP ■ ^"-r (Polar Electro Oy) 
Lfc=£Sf£2iN!:£(7)E c G if -^--tr (chest strap) £ii;L, /L^ScD 

T?#*o ^H#I^lg4. 6 2 5, 7 3 3^, ID27 8, 7 46^, |D287 
. 4 0 3^^#,i(7)Ci„ 

^sos, ctn**i>ffii+ (ecg) <DRR\d—^m(ommmmtmnmzwic 
tet>%Bt&&<ofo^<DMftfr&fotomomb&v (sos) (DB^r B ir B iPSo 



(5) 
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^fSJt-ea^-r*©^*?* L^ 0 BWB^PicDmJtii 1 5 s >j^p> 3 o 5 u» 
©ttBKfcyii*. 

isiagfr : b#me#£i4, 5 1 fi<o^rmMMi^^ 3 o 1 mo^mmm^X'^ 

o 

^— k [mo 3 : ^ — K<t lis fc*i^WE»<©*-c« : t.^<fic:«^iyiraPH-e 

fc<S 0 B^FbIE^CD&^E— K*l=, UV, AMo. DX<DSBIHtA<&& (KIT* 

— m<D=E— KTffc-So S-^X^filC UV. AMo. D X 0)flBtftflM><&& 
(ktT£#PI) 0 

^e— \jgmM [amo] : =e— wMtistiz. foz>mm&ft\*uzig d & [si 1:1$ 

(fc<!:?Lli\ 1 0 1 fl(DB*fffllfflHia>*<D7 0^<Z)B#Fb1Fb1PRI* 7 0) . 
T^US X [ D X 3 : T^USXtl*. 7^h7^7 (JsTF£#Htl) t^Jtt'fcBMX 
(PVC) (JiTF£#fiB) £R££Lf_&CD. B# PbI IK ^ F»9 CD B# FbI CO «i= 
«SiI<i:COM-e&-§) (fct^li, »^fi|0. 7 2-IiiO. 6 4 = 0. 0 8# 
= T"*;U^ X) 0 

>vT> [M] : y i/7>£li, Jfe-SB#FBlE53 v F*9CO^F B 1FBlPST'fcoT, > v7 
>B$rB^rB1l^m±<^^T(7)B$rB1^B1I^CO|&^l|LL^ : 5CO*l^3 (fc<»:^l*\ 1011 

rr) e-tomnmamm, ^tzitmrn^iMmcom^^Mmom^ 

T» (SOS) cD^-efe-So 
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UV, A Mo, DX(DUm&Wi : UV, AMo. D X(Dtim&UM\£. 

^^ir^l^ottT. AcDi^lK<D'jXAIi^|grc^t>3E»:<^i)o 
UV, A M o „ D XrofB^fe^t/ji^&jt : UV, AMo. D X (DMfiKD 2 4 

, S^(D5^(D^F e 1E^I*^iEfccfcl/^^ L^Pb^<D-^^(D^T-&o UV, A 
Mo. DXCDS'hi^fElifilSSOttilMLT^^-S^E- KttfcO)-^ -*lrf>< 

#ffl'j>M^^ (Premature Ventricular Contractions) [PVC] : PVCtli 

ttLi^mmmmztioz.. i o ifi<DB*w(B}iw^B*fWE»rti3*a-rSo 
^raraPH^fc^o cti^tt^buv, amo. Dxmiu&ft^o 

UV. AMo, D X<DlE%%it&mM : UV S AMo. D X (D{£ffl#fEf$ft*Hl 
*<M#T'&££^Jtf£jfcfc:«^l** &ffl#tf>^i$, Afl. tMfc. 

Ma#: i$riiiPifji^£fBfi^£ttsa>A£i^„ 

mo. Dxom^com^mnf^. w&mnm. m-£&mnm/wi&&w&<Dm 

J£0>55ib*fcl± P V C £ 7F"tii^ I Cfcti& 0 
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±.(D-y — K [CMo] „ =E— K(D]£4fi [AMo] % T\/lx£ X [DX] , 

1 9(7)^5C (formulas) £ffll^T. fM^XhUX^ii:, pTfifcfcSSL & 

fiat : ^rarawi4tttb-r^*<3 o#ja±»ft£ttaj l&im§£i*, wma 

P V Cgfg 

[ 1 ] 1 0 1 ^<DB#F B ir B lPi(DB^rBllZ^I^(^2 0Bf^W±T% 1 0ft&L± 

[2] AMoCDIj!i£(£>M#\ fftW^^X^t- K(DAMo(Di5£ffl#*^itlC 

T? fe -5) o 

AMo llJgafrMggflt 

[3] A M o (Dm&OmfiK fff05^7Xn- K(DAMo(D^ffl#ft^iilC 

j9r5£0)3t»£i9rJia>lSRIJ (#) JJHtfcttcfey^^L^I*, AMofflS«tt«f 
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[4] D X<Dm&<Dmtf. -SmCD^^X^^E— Kc7)DX0)^ffl#S^fiSlZRlT^ 

o 

[5] d xcom&oymrf. &m(D5^7.$^—£(DDX(ni&mm&mmzm%. 

[e] mfeomm (#) izfrtz&&W:&i(£wm [2] twi^mnmmn [3] 

[7] 1 0^(DB#r B 1IS^(7)ffm<DiS^>7*;i,— ZffoO) 2mV.±0)£ffflT:\ 101 
flKDB#P B 1P B 1P^(7)BtF B m^(7)5cM^$g [2] [4] <hllj£€t**§^g [3] 

o 

'a) o 

[10] ^(DB^I (#) l:*)f:4UV$Sttgia [8] £ U VBiSSlfrttSg 

[ii] i offla)B#WE»fl)ffiKfl)iltt^u— ^rta>2flisi±a)ii*fyiT?, 10 
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i m<Dmmmm<Dmm&i&i*i<Du v&mw®wn [8] tu vw\&&w&wm c 
9] <D&mo)mft--&fr-&it. u v : M^mnm^mi^n^wn mm) 

o 

ifrte<9iL^$8. fiat, PVClii:, ^$Rfc«J:l>*aSl~O^T<D;*0)6 7J 

[12] 1 Ofli(DB#P B 1E^(Dttm(DiaiSt^U— ^(D2^Ja±<D^T;\ DX 
vT>-eflJo^jil^0. 1 2 5mTCDii^li. lM-?fc£o 

[13] i om<Dmr$E.ft<D&n<D&m<f)i'—zfft<D2mu±(DmmT:\ dx 

^^•vT>T?t"Jo^ii^0. 4 2 5Ji>Ut(Dii^l*. Sl|3£^#iS§^*K I I 

o 

[14] i om<Dmmm. y A(Diimomm^ju—zfp^o2m^±(Dmm^. y Ax^ 

dx^o. 5 0ja±co^ii. giJ&j&ttiHSfti i 

[15] 1 Oil(D^P B m^CDftmcDS^^>U— ^CD2fllia±C0B^rBlE^-e. 
[16] DX^I B$r B 1W-tl^3hfroT0. 0 6JilTCD^I*. Sc^i&aS ( 

as mm) 

[17] m-*fcl«^CD^^X^=E-Kl^-C ; 1 ^jy±W^TAMo t 
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^§BJ#(7)#^.Trli > JjjS. [8] £ [9] Tr^-TtX h ^ A<7)H£iff27c <t 
tXh^AMJl^filt (^«llH]SS(7)Qf~tS^-r^) lis <$ffl 

o 

o 

CHIi^(7)cJ:3lcLT3m^tL-g) 0 (1) & 
ffl#<DiE^^^iftiOffil&^IE^-r^, Sfcl* (2) ttffl#fl)^|ft. All. 

r>r>tf— ^>x^— (Pfus^ai-r^^-x^-*— ) fc^imm 
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fF^- & - 1 & x $ z> mm zmm-t ^ z t x fe & , 

& C <t "Cfe'So 

d <D%W<D £ £ icgijtf) B fl«ili % ib»mSi&£l£til-r 5 C i: t? & & . 
C<7>#Bj§<D£ £>lcSiJ<ft@lfll*, JtRWS«Bfyi-e<0**^ij>f6S!lSi!)tt^«tli L 

£2 01*. IE^3S:ttffl#A^t>BE»LfciDttra(DllLL^raraBB(Z)»©tX 



(12) 



ft i¥ 10-505515 



memit. ^(DftmoxTtf- ymtmmommu □ ^ m -e & £ <> 

^8|HI*. |g7|lj(7)X>7 U— >A(7)i¥gB^gl-efe-So 
HI1 OUIi. l7ifl)X7 'J— >C(Dl¥$ffl^ElT:fe^)o 

igi i mi*. ^(7)^(D^-x^— (^-x/-*-f^iiMia<D 

m.=E— pommmoi&mmm tuvi , ^e— k<dihs [amo] % t-^u^x ld 
m4 9cmii. c<©«w(D*4 9 BEiiz^-raiisfiSA^. *ysi^— kcd e 

UV] % [AMo] . [DX] £fe , m-?Z>7j&&7jk?mXfoZ> 0 
If5 4 9 DHIi. ^(DfgBStf)^^;*.*^— KlCOl^T. *F«3 [UV] , ^FtSj [ 
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amo] % [dx] ztinTzyDfeZTr^rnvfoZo 
^4 9Eait ^(omM(om^(Dm^m^x. [uv] x cam©] , [d 

IS5O0I*, IE?£ft<aJtft6 3:T(Df§14lCOlvC\ 'bffi£MWflflffiS£: 101g 
^5 1 Hl± % ^F^J$ft5 1 ^(D^ttf^OLNTC7)m5 O0t^§Btfc<5. 

!&5 2EH*3fS5 OHtRKftH-C, 3g<©'l>tt»l»IBlWli«*fflL^fc 
15 4Hlim5 3Htp|fi|ftH-c % *IE3flSy tick y % ^onrnx 

m^^-T [uv] ^Ig^mft/M^BcDMicsil^^LfcC^^^L. *fcjftftii> 
JK5E<D#J1 OB^raHU^t>^iS© [UV] *«^UJLft*<t>Sift»0M5EJcS**-e 

-xmzfc'^z— >wa)ii^ft^^^LTfcy. 'Omn^-^-r^^b^Ec 

GA<CtL^±J^-r* 0 ^ Trj liPQRS T&(Z)t: — ^^^"To RRt°— 1 <D 

mcommmffiz 6 o^f> 6 1 % 6i^e,6 2, 6 2*^6 3<ti^ ^aic^-To 

ffifflffi&Tjk-to SOS ©^©^©B^PeirBlPi^ 70^b7K 71^b72, 72 
7 3 <!: ? 3 I-^t"o 
E C G CD R R ^ftlFelRSIiBliltt© SOS B#P B 1P B 1Pffi«t HKfi^l" m CmtmtoT* fco 
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t, SOS M^PHIi R R miSlf&LM <fc y ^^*>iI*LTie C £ o 

o 7^h7-f7, fci:^i*3ea)*ftfcj:t;3e(Z)«si^rarafi5. i*i$*vr&o 
t^usx [x] liMy^SB^Kr^tsiy^^^F^pst^T'fe^o ^- 
k [mo] i£fo&mmi*ftftvm^&<&z.%mmmm-c:&z>o ^e—^omrn i 

Ulc^-Tctdl^. iE^^ffl^cD^E- K<t¥l^)l*Pi:T?&^ 0 

CC7)|i^^^SLT8 2. =1 >t°rL — ^ 1 0 4{CfeK|-r^8 4 0 £ fc S O S B#Fb1 
r3m?—$ 9 0^SOSB^F B irBlRl-tz>-9-^t»g<SL. C(7Mf-S|£4MLT8 8. 
=i>tfzL— ^ 1 0 4lzf5iM-r^9 0„ titz?— $ J5J£-b>-9-9 



S«U C0f§^lLt 9 4. 3>t°i — * 1 0 4fZ-£iH-r&9 6 0 Sfcf 

— S£»bft-tz>+*-9 8^b^ll, ctDfi^^ILti oo, a>t°i— Si 

0 4CH5&-T& 1 0 2„ ff:f-^M-b>f9 7^bf«L, CCEHl-5§-£*& 
=1 >t°zL — ^(D^/f(D^^7 ; ^X^U'f 1 0 8\Z&&-?& 1 O 6 0 

m4iai± % ig4 Amtm* Bmtn* cm<Dmv$>& 0 
i )i*4mmft<»wm. am. oK^-s^i&sis^f&eiiii^-r^si-feiiu 



14 AUHcfcl^T. RRB^FbI^PS^— £ 1 1 9, S O S B^RfjRI 1 1 9 

S 1 i i & y AtJf-?Z> 0 mftte&mmft?-* i i 3£##rU t<D$£g:Z*=E 

x ) 2 1 2lZfEif|-r^) 1 1 7 0 

B#rawRi^^tii-y-ri 1 o, mtzmm-e-fi i 4. ^FSPi-t?>+j-^ffl# 
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mmmffiT— * ^m-e-r i i o. ^ffl^^MLT^^t^c^^sm^ms 

o 

ofci^tti i 4 g^&s i 20-efe^o 

i o i mvmmmmz. '&xftffi?&tzdbizmmmftMzwmirz> i 2 2 

o 

^ [1] izfo&mm&'AfocDi o ^mov$fflmm&W! : m.i^z> 0 zomm±o) 
pvc&&mTz>t 124. ^— s^y^Eu 2 1 21^^^-5)1 2 5„ mmmft 

mmLtzmmmmz. mxtzmmmmtx^m^^o i o i mcDmmmM&wm 

^r^X^H^^o 1 1 9„ 

14 BHlT:li, 1 O 1 ^@CDB#rBir B 1Pl 1 2 2(7)B^f B 1lE^^^(D^5eT:^ v ^-r^o 



h7-f7l 26 t Lti< 0 

SJSCD^-^^X^^— Kfe(C%±Lfc AMo [2] [3] tDX [4] [5] 
CD^jt^ffgL 1 2 8. AMote£VDX<D&mmZm&1&i\M.tl£%iirZ> 1 3 0 
o 1fim±<D|fffi^aiLf=«a > l±, ^ [2] [3] [4] [5] ICflJU^T 

fcRs-r*** u 2 i 2ic-x— ^^fsii-r^ i 3 2 0 1 m&L±(own^m^<om 

l^it^r*. 4fl§(D^g (fc^^tf AM£Hggii > A M o HjE&ft 

mwm [3] % DxgjSfrMigjR [4] . Dxjij^titggg [5] ) <d i <im 
±^i§^ic^cT^tB-r>i) i 3o„ mm^mLtcm^^wm^mLUii^tz 

13 4. BSPbIE^I 2 2fi(Dl 0 1 m<D1&mfflm$:%.<»J3& [6] T?»«f 
"f £ 1 3 6 0 



(1 6) ft^sp 1 0-50 55 1 5 

SMgjjlM [23 U&H [4] t m&&&mwn [33 ts&xs [5] oxb^ 

£1 3 8 0 **R£^3£ [6] VtemLtzm^llL. [6] ICfljU^T^tL/c> 

: EU2 1 2(-^-^£fciMir& 1 4 0 o »**«aLfc*^t,»a*«tiJL^ 

-otzm^^b 14 6. ^ re] izfyy ^r^^i^-f ^^ui^— s^ag 
lt i 4 4, i^rfflE^ i 2 2 ft£> 1 o i m<Dmmmm$:X.<D?jj£ [ 7 ] -e##rr 

1)1 48„ 

[23 [4] £ MI|3E{ftH»aHH8 [3] fc^U' [53 (D&H 

Lfcif^l*. ?B^3SJBtt»^Bil3E<B»Mggjft (MM) [7 3 ^fl. 1 4 2 D 

^$b£7j*s [73 -c«aiLfc«^r±. [7] izmv^xbtitzt^v 2 i 2 

14 6. tjiC [73 izsijy ^r^H^is^-r-s^ ^uiz^-^^eiMLT i 4 4 
. mmm'A 1 2 2 f^cd 1 o 1 m<Dmmmm$:&.<Dtt [8 3 x*'Affi-?& 1 4 8 0 

SIS^^X*^— K^lC^L^ jJV^^e [83 (Dtt&tmL. U 

tf UVxittm [83 ) *ttffi-T*1 4 8 c Wm^tt [83 fCj:oT^ai 
L/rit^li. [8 3 iCfljy ^-C^+lfr^^E'J 2 1 2{Zt— $&tem-tZ> 1 5 

2 0 ^ffl^^tuLfc^^sai^mL^^ofcii^* 1 6 0. Tjse [83 izm 

U^Tbtlfcl^^-r-S^^E'JfCT-*— ^ £fcML 1 5 2. SWK»1 22^10 
1 ^(DBWhIRS^O^iS [9] •CWI.HSo 
iJE£(D=&<7 $ Tr- Kftl=*± Lfe UVjlJgjgttji [9] (P;fr:ES£ltjlL. 

u vaj^ffl^s^fi^it^-r-S) 1 5 4 D wmtfm&(DMfflf££.L. m—<om 

t^ iJvHSgagiiB [Q] ) £fctui-£i 4 80 [93 icty^ttj 

Lf^^tt. Tjse [93 icsyy ^Tbttfc^^EU 2 1 2iz^-^^ait-r^ 1 5 
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6 0 wm^tHLtzm^tmn^tiiL^^tzm^^^ eo, [9] \zm 
y ibtitzm^z** 1 )^?—' 1 5 6, mm&toi 22^10 
1 iscDB#r B ir B iPs^^(D^it [10] x*ftffi-rz> 1 6 2 0 

*iTi^i§^li, iB£uvgffiafe/l!l£&i$«g« [103 ^^a-T 

^ 1 6 2 0 ^fB^^s* [103 (c«*:y«aiLfc»^tt, 755t [103 izfijy^-c 
iiHf-^u 2 1 2[CT j -^^inr^i 6 6 0 mttmLtzft-a 

taLU^-otzm^t 1 72, [7] icfijy ^T^fcIStia-f <i>* : EU^:IT ^ - 
£ LT 16 6, B#(HJ|Z# 122ft(D101 <KD^Fb1Fb1P^^(07j jC [ 1 1 
3 t'»flft4 1 6 2 0 

UV^M&Mg^ [83 fc<fctt g]3Sfi8»Mlgj8 [93 <Ol§^t>1±36< 1 Offl© 

[113 i^ct y^mufcii^i*, 7^5t [113 icfijy atb^fc^u 2 1 ziz 
T-z&mm-rzi io a mn^tnLtzm^^wn^mLm^tzm^^i 

7 2, 735* [7 3 l^flJU ^Tbtif-l^^-r^^^UlC-x-'Si^aillLT 1 7 O, 
RIHE»1 2 2F*q(D1 O 1 fi<DHmMH£&tir LT, *i?T> [M3 ZtiU? Z> 
1 7 4 0 

^(DBt^E^cD^ y?> [m] mmmm&tiULx i 74, ehuie^i 22 

W(DB^r B 1F B 1Pi^^(7)7J3e [12] ICJ: y»«f-T* 178, 

&Z>mffllS.'A\*IT:\ DX^>>7> [M] 1 7 4TfSlof=fiS*<0. 1 2 5 &LT 
(Dm&l*. TJifc [12] IZfljy MsTbtt/c^'J 2 1 2lZ^— * 1 8 

o 0 &>&mmiz.ft[*ix°. Dx&*VT>x°m^>tzmtfo. i 2 suTx&zzt 

A<1 0<@(7)^L^B^FBllS^<DpJT^(D5^S-e^Z-Dfc^^li, ^MtLLl 

|^[12] i 7 8^^iu-r^o ^fcfc^BtrBiE^rt'e, Dx£^>?T>-eiiio 

tzmtfO. 1 2 5J*LtT*0. 4 2 5<fcy/J*£lMS£tt1 8 2, TJifc [1 2] ICflJ 

vmxt>Htz* t'j2i2 ic^— * ii8o, mmis-ft ^ 2 2 mommr^ 



(18) 



ttB.¥- 1 0-50 5 5 1 5 



m&#.<Dj5& [1 3] T?#tfrr<&1 8 4 D 

&&mffl&.ftPm\ DX$>v7> [M] 1 7 4-eflJofd£jb*0. 4 2 5£l± 

(Dm-Btiz. ci3] icsjy^T&tifc^^'j 2 1 2(z^-^^feii-r^ i s 
i i m [ i 33 i 8 4*ttm-r«o *f=a&<&B#raEfli*-c. Dx&*i>T>xm 

-otzmtfO. 1 2 5Jil±-C0. 4 2 5^y^jN$L^a-li 1 8 4. 7aiC [1 3] (C 

fij y^t^tifcyt u 2 i 2 (z^— ^ l i 8 6 N reimsa i 2 2 pwmm 
mm&x.<Dtt [1 4] -e*j\&r-f £ 1 90. 

&z,m—(Dmmm.ft\*ix*. dx^o. 5 0JsLt©«^iii 90. ^se [1 4] 
icfijy ^tifc^^u 2 1 2(3^— ^^ein-r-s 1 9 2 0 z^i o<@<DiM 

LyiB#P B 1E^(DRFr^(DM^T^Cofeii^l*. IiJ3c^W^^f5 1 I II [1 4 
]_1 9 O^^tii-r^)o ^fcfc-SBtFam^ft-eDX^O. 5 0«fcy/Jx$ l\Jft£ I*. 

[i4] izfij y ^tb^:> ^'j 2 1 2 iz7— $ li 92, mr£\mft 
i 2 2m(ommmm^^.(D^ [15] -e^jrr^ 1 9 6 D 

&z,m— <Dmm&.'ftf*iX\ AMoAn o vltomsiz 1 9 6. [15] 
mvmx^Htz*^*) 2 1 2(3^—^ ^fearr* 1 9 8„ 1 o^cdjsml 

fcB#r B 1IE^ v (DFJT^CDS^T;^C: ofcii^l*. jlj^^MMJ VM [1 5] 1 
9 6^mtii-r-So *fcfe-g>B#r B 1IE^I^-eAMo^ 1 0<£y/jN£lM§£-|*2 0 0. 
TJxt [15] icfij y %X «=>*L*r* 'J 2 1 2 fz^— £ £feiH L1 9 8, B#IHlE# 

1 2 2|^<DB$F B 1F B 1I^£:&<D^3£ [1 6] «t-5 2 0 2 0 

14 cmii. lUTcD^ieT^Ta i o i mommmm i 2 2(DB#p B m^(D^*fcD 

DX^O. O 6J^T(Dii^l*2 O 2. ^SC [16] Izflj y btlfc: * ==E 'J 2 
1 2 \Z?—$ &mm?Z> 2 O 4 0 ^+LA<Rjf£©WIBlOa5S5^T?iBCl 
I*. Xjjftfj&g (gffl) [16] 2Q2^atl>o IfcDX^O. 06j:y 
^tl^li2 0 6, Tjit [16] [Cfljy ^TbW^^'J 2 1 2IZt^— £ £fc 

&L2 0 4, mm&fti 2 2toommmM%&o)tt [17] r»«f-r*2 0 8 
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o 

amo tDxtfmMzw.m&}\z^m}?z>m£it2o 8 S ^[17] iciyu^ 

T^ftfr^'J 2 1 2|C^-*£aii!-f £2 1 0 o Ztltfm £®g)roa>fe&S# 
^T-eCofcii^li. ;lg (^j) [17] 2Q8^n. tfcAMotD 
XA<iS^|Z^lbL^lMi^(*. 7JxC [1 7] ICfljy ^T^tLfc^^E'J 2 1 2IC 
t-*— ££fciHL2 1 0. ^(DB^r B m^P*9Tif L^BWM(Al+gJt£#ia6£2 1 3 

o 

|g 5 HI I C & l > T , B ttfc J: l>* B# Pel ^Py^tt^^PTfP-fe ^"9-3001*. 

4 Vazfa-izy+HDt^V [cfBIt U BttfccfcUW^ P 3 OOCcfcy Btt 
<tB^F B 1^^iJEP^--5 0 fit ICOLNtlSLfcX h UXf-^ liP c 3 0 1 Ic**^ 
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